Within the MSSM we propose the chaotic inflationary scenario in which the inflaton field is a combination of sleptons and the Higgs field states evolving along the D-term flat direction. In the inflation and post-inflation reheating process decisive role is played by the MSSM Yukawa superpotential. The vacuum energy during the inflationary era is mainly from the muonic Yukawa coupling, while the inflaton decay and subsequent reheating process dominantly proceeds due to the strange quark Yukawa term. Because of these, presented scenario is predictive and obtained results suit well with cosmological observations. In particular, the scalar spectral index and the tensor-to-scalar ratio are respectively ns ≃ 0.966 and r = 0.00116. The reheating temperature is found to be Tr ≃ 1.3 · 10 8 GeV.
I. INTRODUCTION
Many problems of the Big Bang cosmology are solved by inflation [1] -the era of the exponential expansion of the universe driven by the inflaton field. In order to have successful inflation, inflaton's slow roll should be insured (perhaps by some symmetry). For this purpose the supersymmetric (SUSY) constructions turn out to be very efficient [2] . The Standard Model's minimal SUSY extension -the MSSM -is highly motivated from the phenomenological and theoretical viewpoints. However, upon building the SUSY inflation models, in most cases, one goes beyond the MSSM and introduces additional singlet supurfield(s). Such extensions, involving additional parameters, increase the degree of arbitrariness. Since the MSSM involves the sleptons and squarks -the super-partners of the SM matter, there is a loophole to use either one or combination of these states as an inflaton. The possible role of the slepton and/or squark condensates, along the flat directions, for Baryogenesis has been emphasized in [3] and investigated further in [4] . In exploiting sleptons or/and squarks, for inflation, numerous works have been proposed [5] . However, these models involve many new parameters due to higher order operators (needed to realize desirable inflation).
In this letter we propose the scenario based on the MSSM (without its extension) and with the superpotential couplings just of the MSSM. We show that field configuration along the D-flat direction, but with non vanishing F -term(s) can give very successful and predictive inflationary scenario. Along the MSSM Yukawa superpotential couplings, allowing (as we show) to have successful inflation, we use the non minimal Kähler potential of the form:
(under Φ I the MSSM chiral superfields are assumed) which in the small field limit (
In (4) the summation under α = 1, 2, 3 family index is assumed. τ i /2 and λ a /2 stand for SU (2) w and SU (3) c generators respectively (i = 1, 2, 3, a = 1, · · · , 8). While there are numerous solutions of the D-term flat directions, classified in [9] , we choose the one involving the slepton states (e c ll-type flat direction) and the scalar component of h d . In particular, we consider the VEV configuration
where the definitions cos θ ≡ c and sin θ ≡ c are introduced, with θ determined later on. One can readily check out that with (5) configuration (and with zero VEVs of all remaining fields), for arbitrary values of z and θ, the D-terms of U (1) Y , SU (2) w and SU (3) c [given in (4)] vanish. As will be shown in the next section, this choice leads to the successful inflation.
As far as the superpotential couplings are concerned, from (2) we can derive non-vanishing F -terms, which are given by:
where we have ignored the µ-term, which is too small (∼few TeV) and is irrelevant for our studies. Within the global supersymmetry, the F -term potential would be V F = (λ 2 e + λ µ )s 2 z 4 . This quartic potential gives un acceptably large tensor-to-scalar ratio and should be refuted. However, within the supergravity, the form of the Kähler potential plays an essential role [7, 8] and we will consider one given in Eq. (1). Below we will investigate the inflation within this simple setup.
III. INFLATION
Before proceeding to study inflationary scenario, we derive the inflaton potential. Within N = 1 SUGRA with Kähler potential K and superpotential W , the Fterm scalar potential is given by [10] :
where
) and we set the reduced Planck mass M P l to one. Also further, omitting M P l , any dimensionfull quantity will be given in the unit of M P l (= 2.4 · 10 18 GeV). The matrix KJ I is an inverse of the matrix (3) with the VEV configuration (5) we have W = 0, two non vanishing F -terms of Eq. (6), and thus:
As already noted, for the Kähler potential we use the form (1), involving all MSSM states. Canonical normalization of the inflaton field is dictated from
which gives the relation
where φ is canonically normalized inflaton. With these, from (8) we derive the inflaton potential:
Siccesfull inflation is insured by the flat shape of the tanh
function for large values of φ. The slow roll parameters derived from the potential -the "VSR" parameters -are given by [11, 12] :
From these the observable n s and r will be determined. The parameters in (12) are independent from the s [the factor appearing in (11) ]. This factor will be determined from A s -the amplitude of the curvature perturbations. While the parameters of (12) are useful in slow roll regime, for determination of φ e -the point at which the inflation ends, we use the exact condition ǫ H = 1 for HSR parameter (derived from the Hubble parameter). (For relations between HSR and VSR parameters see [11] , [12] .) The point φ i [13] -of the beggining of the inflationcan be found from demand of obtaining desirable value of the number of e-foldings N inf e during the inflation, which is given via HSR parameter ǫ H by exact expression:
Given the value of φ i , we can calculate the spectral index n s and the tensor-to-scalar ratio r by:
These expressions are valid within the second order approximation (turn out to be pretty accurate because of the slow roll regime at φ i point).
In order to guarantee causality of fluctuations, the value of the N inf e should satisfy [14] : (which turn out to be ≃ 1.19) stands for the effect of inflaton's oscillation [15] after inflation. We have to reconcile the values of N inf e obtained from Eqs. (13) and (15) . The values of V i and V e , entering in Eq. (15), can be calculated with help of another observable -the amplitude of curvature perturbation A s , which according to the Planck measurements [16] , should be A 1/2 s = 4.581 × 10 −5 . Generated by inflation, this parameter is given by:
From this we can fix the value of the parameter s [see Eq. (11) where s appears].
In addition, we need to calculate
r through the reheating temperature, given by [17] T r = 90
where g * is the effective number of massless degrees at temperature T r , and Γ(φ) is inflaton's decay width. It turns, out that within our model, after determining the parameter s (via the value of A 1/2 s ) we will be ablo to calculate Γ(φ) and therefore predict the value of T r .
Since the inflaton field comes from the MSSM fields, it's couplings are also well fixed. In particular, with canonically normalized fermion fields, the inflaton's interaction with quarks arises via the interactions
. (18) Thus, for φ−d−d c -type interaction we obtain
It turns out, that the φ dominantly decays in strange quark-antiquark pair. From (19) coupling we have
where in (20) all φ dependent quantities are evaluated at φ = φ e (note that over the course of inflation the φ gets large values [18] ). With all these we can carry out detailed analysis of the inflation process and calculate all observable [19] . Our results are summarized as follows: 
where the value of the spectral index running (given by 
IV. SUMMARY AND OUTLOOK
In this letter, aiming to have minimalistic construction, we have presented a novel inflationary scenario within the MSSM (without any extension). Within the model, the Inflaton field is a combination of slepton and down type Higgs doublet states whose VEVs are aligned toward the flat D-term direction. Non-zero vacuum energy, driving the inflation, is due to the MSSM leptonic Yukawa superpotential terms. In particular, the inflation is mainly due to the muonic Yukawa coupling. At the same time, the reheating process is via the inflatons φ → ss decay, controlled by the strange quark Yukawa interaction. These, together with successful inflationary scenario, allow for having the predictive scheme.
Since the inflaton field involves the VEVs of the slepton states, the lepton number is violated and, as additional outcome of the model, would be interesting to investigate impact of this effect on leptogenesis process in a spirit of Refs. [3, 4] . Moreover, would be interesting to investigate if analogous (with only MSSM Yukawa couplings, along D-flat direction) inflationary scenario would work by inflaton involving the squark VEVs.
Finally, would be highly motivated, although quite challenging, to realize ideas developed in this work within the Grand Unified models based on symmetries such as SU (5), SO(10), etc.
We reserve these exciting issues for future investigation and hope that presented work will also motivate others' research towards these lines.
